This article proposes a new methodology to measure precarious employment with a multidimensional approach. The adjusted multidimensional precariousness rate employed to measure job precariousness is calculated on a counting approach and exhibit several advantages, including its decomposability according to the relative contribution to total precariousness of different dimensions and sub-populations. For illustrative purposes, the methodology is applied to the Spanish case using microdata from the Encuesta de Estructura Salarial (Wage Structure Survey) and considering three precariousness dimensions of jobs (low wages, fixed-term contracts and part-time work). The evidence obtained shows that at the beginning of the economic crisis there was an increase in the incidence and intensity of precariousness for new jobs created in the Spanish economy. Moreover, obtained evidence shows that the incidence of precarious employment is particularly high in certain economic sectors and for females.
Introduction
The study and measurement of the quality of jobs has been the subject of recurrent debate within the major international institutions (see, for example, OECD, 2013a , 2015a and UNECE, 2014 . As a result, the economic policy guidelines recently issued by these institutions not only focus on the creation of more jobs, but also on the creation of better jobs.
This contrasts with the recent proliferation of precarious, low productivity jobs, particularly in those countries affected by the recent international economic crisis (see, for example, Olsthoorn, 2014) , which increase the vulnerability of economies oriented towards controlling global macroeconomic results and not towards resolving the quality, well-being, fairness and sustainability problems of their economic system (OECD, 2015a and 2015b) . It is worth highlighting that to the traditional lack of attention given to the objective of improving the quality of jobs has greatly contributed the difficulty in defining and measuring the quality or precariousness of jobs in a homogeneous and generally accepted way. These concepts, which have an inherent and complex multidimensional nature, are difficult to define and quantify in practice (Clark, 2005) .
This article proposes a new methodology to measure precarious employment based on the use of techniques previously used in the literature for measuring multidimensional poverty. In this regard, it is worth pointing out that our research connects to a series of previous studies that have successfully used techniques for measuring well-being in order to innovatively apply them to the analysis of the labour market (see, for example, Gradín et al. 2012 ).
The method used in the research for measuring the precariousness of jobs comprises a procedure for identifying precarious jobs and another aggregating procedure for summarising the multidimensional information of the precariousness in a single scalar measure (Sen, 1976) . The advantage of the proposed indicators is that they measure not only the incidence (how many precarious jobs there are) but also the intensity (how many precariousness dimensions the jobs have) of the precariousness of total employment or of a specific group of it.
The method used for identifying precarious jobs is established around two types of thresholds. One is used to identify jobs with disadvantages in each of the dimensions of precariousness considered and the other is used to determine whether a job is precarious from a multidimensional perspective, considering all the dimensions. With respect to the method of aggregation, although for comparative purposes the results of other common indicators are shown in this type of analysis, this study has opted to adapt the adjusted multidimensional poverty rate, an indicator proposed by Foster (2007 and 2011) , and called the adjusted multidimensional precariousness rate for our case. This indicator simultaneously measures the incidence and intensity of the precariousness of employment. Furthermore, it is a decomposable indicator, enabling it to enrich the overall results with information about the contribution to the total precariousness of each of the precariousness dimensions and sub-populations considered. In addition, it is worth pointing out that the method used allows us to consider both qualitative and quantitative dimensions in the construction of the aggregate precariousness indicator.
The approach used in this study, therefore, differs from those usually proposed in the economic literature to measure the quality or precariousness of employment, which are based on the construction of simple indicators for each dimension of quality or precariousness. These are then aggregated into a synthetic indicator (see, for example, Leschke, Watt and Finn, 2008) . This latter form of measurement is based solely on the marginal distributions of the different individual dimensions without considering those aspects related to their joint distribution. Therefore it does not analyse the extent to which a person is simultaneously faced with a precarious situation on several dimensions, which is an essential aspect of the problem (Loughlin and Murray, 2013) . Our proposal, on the other hand, takes into account the joint distribution of the dimensions and therefore a second threshold is introduced which determines the overall multidimensional atypical nature or precariousness of the jobs in relation to what is considered to be a standard job (Vosko, 2006) .
For illustrative purposes, after the method of analysis has been described in detail, it will be applied to data corresponding to the Spanish case in the period 2006-2010. Therefore the study examines the first phase of the recent economic crisis. In this respect, it is worth highlighting that a considerable part of the study consists in using the Encuesta de Estructura Salarial (Wage Structure Survey) database to measure the precariousness of jobs, which includes large samples that are homogeneous over time and detailed information about wages and other objective dimensions of the jobs. This has enabled us to develop an objective approach when analysing the characteristics of the job positions, avoiding the technical drawbacks derived from using and aggregating results generated from the usual subjective rating scales of employee satisfaction surveys (which also usually have smaller sample sizes). The source chosen in our case has desirable properties and includes information about basic dimensions with which to measure precarious employment, including wages, types of contract (permanent or fixed-term) or type of working day (full-time or-part time).
The research is structured as follows. After this introduction, the second section discusses the different approaches used to address the concept and ways to measure job precariousness, contextualising the methodology proposed in this article within the related literature. This new methodology is explained in detail in the third section. The fourth part describes the data source used for the practical application of the technique to the Spanish case and the fifth section presents the results obtained from the analysis of employment precariousness in Spain between 2006 and 2010. The final section of the article draws the principal conclusions.
Literature review
In contrast with the significant development in research focused on measuring the quality of employment 2 , the measurement of the opposing phenomenon, namely job precariousness, on which this article focuses, has received much less attention from the economic literature. In the absence of a consensus regarding the concept and dimensions of precariousness (Laparra, 2006) , the earliest studies initially focused on the quantification of the number of atypical or non-standard jobs (Quinlan et al. 2001; Vosko, 2002) . A benchmark study is Rodgers and Rodgers (1989) , which stated that precarious jobs were those that did not provide workers with the ability to secure a sufficient income with which to support a decent standard of living. Insecurity is also the basic characteristic on which Kalleberg's seminal works on the measurements of precariousness (2009, 2011) are focused and which Olsthoorn (2014) summarises in two dimensions: (1) insecurity due to the inability to ensure sufficient income through the wage and (2) insecurity associated to the possibility of being dismissed. These two basic dimensions of atypical jobs were conceived through the study of the values of the wage, type of contract (indefinite/fixed-term) and type of working day (full-time or part-time) variables which determine the greater or lesser probability of dismissal (Quinlan et al., 2001 ). Although they may sometimes be complemented with other less relevant aspects, these three basic dimensions are those which are usually considered in different studies carried out to characterise precarious employment (Kranh, 1995; Polivka, 1996; Leschke and Keune, 2008 3 ).
Of the recent economic literature on precariousness also focusing on the proposal of specific indicators, we should highlight the study conducted by Olsthoorn (2014) . As well as carrying out an exhaustive review of the different concepts and indicators of precariousness, this study proposes two indicators of the insufficiency of income (wages and complements) and employment instability respectively. When they overlap, the incidence of precariousness can be measured.
Following the research of Olsthoorn (2014) , and in line with the conceptual bases of the afore-mentioned studies, our article develops a complementary approach to measuring precarious employment with more flexible techniques that enable us to measure both the incidence (number of precarious jobs) and intensity (number of precariousness dimensions in a job) of precariousness based on its multidimensional nature and from a relative perspective. As in previous studies, precarious employment is defined in comparison with a reference, consisting of a vector of different characteristics of a standard job of the total population of jobs (Rodgers, 1989; Fudge, 1997; Vosko 2002 Vosko , 2006 . In the case of this study, a standard job is characterized by a wage of more than 60% of the average wage in the economy and a permanent, full-time contract 4 ).
According to previous studies, all the components considered of the vector of characteristics that define precarious jobs are clearly related to the concept of precariousness due to their connection with the higher probability of dismissal or other factors causing job insecurity (OECD, 2015b).
Hence, the first dimension, namely the receipt of low wages, has been widely examined in the literature (Olsthoorn, 2014) , with a particular emphasis on the impact of this factor on the polarisation of the labour market and the subsequent effect on inequality and poverty (Barbier, 2004 and Rodgers and Rodgers, 1989) . On the other hand, it has also been found that the receipt of low wages is a characteristic that is strongly related to non-3 Leschke and Keune (2008) make the concept of precariousness operational by considering as precarious those jobs which are precarious in two of these three dimensions. 4 Although other dimensions of precariousness related to undesirable working conditions could be considered, such as shift work, night work or working under dangerous conditions, which have been considered in previous studies (Rodgers, 1989; Barbier; , or self-employment, which is usually connected to the partial access to or absence of social benefits such as unemployment benefit (Fudge et al., 2002; OCDE, 2015b) , the limitations of the data source used in our research prevent us from doing so.
standard employment (OECD, 2015b) , as the earners of these wages are usually situated at the lower tail of income distribution and greatly contribute to its polarisation.
With respect to the effects of the type of contract (temporary or permanent), it has been extensively documented in the literature that temporary contracts are associated to poorer working conditions than permanent contracts, including a higher probability of employees losing their jobs due to a decline in macroeconomic conditions (Holmlund and Storrie, 2002) and, very likely, to a greater risk of work accidents and lower wages (see the mixed evidence in Guadalupe, 2003 and Hernanz and Toharia, 2006 and De la Rica, 2004 and Davia and Hernanz, 2004 . Moreover, in the specific case of Spain, it has been observed that they are, on the whole, involuntary (Amuedo-Dorantes, 2000) and are highly unlikely to be converted into permanent contracts over time (Güell and Petrongolo, 2007) .
Finally, many studies for different countries also reveal how in general part-time employment is associated to poorer working conditions, including fewer opportunities for promotion (Russo and Hassik, 2008) ; lower pensions and social benefits (O'Connell and Gash, 2003; Houseman and Matchiko, 1998) ; lower wages (Hirsch, 2005) or lower job stability (Fernández-Kranz et. al., 2014) . Furthermore, in the case of Spain, it is worth pointing out that, on the contrary to the situation of the majority of advanced countries, part-time employment is, on the whole, involuntary 5 .
Methodology
This section describes the methodology which enables us to obtain the novel measurements of precarious employment. After selecting the dimensions that define the precariousness of jobs (which, as we have indicated, in our analysis are related to the wage received and the type of contract and working day), the thresholds for identifying precarious jobs in each of the dimensions and in the multidimensional global indicator are determined in order to aggregate the different dimensions into a scalar value.
The identification of precarious jobs is based on a double threshold which separates jobs that are precarious from those that are not. For this purpose, firstly, a specific threshold is defined for each dimension below which a job is considered to comprise elements that render it as precarious. So, if Xij is the observation of dimension j in job i, with j = 1 ... D, and Zj is the threshold established in dimension j, employment i will exhibit precariousness elements in dimension j if Xji < Zj. In this study, the thresholds of each simple indicator/dimension have been established by using criteria that are used in a standardised way in the literature: having a temporary contract, having a part-time job and earning an hourly wage that is lower than 60% of the median.
The second threshold (k), which we will call the multidimensional precariousness line, is based on a new variable P, which summarises the total number of precariousness dimensions or disadvantages of each job. It is a weighted sum of the disadvantages of job in the indicators that define precariousness. For a job i it is calculated as follows:
where { } is the indicator function of set B; wj is the weight assigned to each indicator and n is the total number of jobs. The weights are standardised so that their sum equals the total number of indicators, D. This variable will take values between 0 and D, where 0 is associated to a job that is not considered to be precarious in any dimension and D is associated to a job that is considered to be precarious in all dimensions. The weightings j w enable each dimension to be weighted in accordance with the importance that is attributed to it. In our case, all of the dimensions are weighted equally and the variable P will be the total number of precariousness dimensions of a job (taking values between 0 and 3).
The second multidimensional precariousness threshold enables us to classify jobs as precarious or not depending on the value of P in each of them. Therefore, a job i is precarious from a multidimensional point of view if the value of P is greater than or equal to the threshold (Pi≥k). This article contemplates different multidimensional thresholds, established between two extreme values. On the one hand, a job may be considered to be precarious if it exhibits precariousness dimensions in one of the indicators, k=1 (union approach). On the other, a job may be considered to be precarious if it exhibits precariousness dimensions in all of the indicators, k=D (intersection approach). The use of a threshold interval enables a sensitivity analysis to be carried out of the results obtained in the case of changes in the chosen threshold.
Although studying the values and the distribution of variable P in the total population is interesting in itself, when analysing precariousness it is especially interesting to summarise the information of variable P using certain indicators drawn from the field of multidimensional poverty analysis. In this way, it should be pointed out that the measurements described below are suitable for dimensions characterised by both quantitative and qualitative variables.
The first way of summarising the information of variable P of precarious jobs is to calculate the rate of precariousness, H,
where q is the number of jobs which have a value of the variable P that is greater than or equal to the established threshold ( = ∑
{ ≥ } =1
). This measurement seeks to reflect the incidence of precariousness, in other words, how many precarious jobs there are, although this does not take the intensity into account, or the number of precariousness dimensions that the precarious jobs have. If the number of precariousness dimensions of a specific precarious job increases, the value of this indicator remains unchanged.
Alternatively, two measurements related to the intensity of precariousness are distinguished; the average value of variable P of the multidimensional precarious jobs, ,
and the standardisation of the previous average in accordance with the number of dimensions, A,
Finally, a highly interesting measurement is what we have called the adjusted multidimensional precariousness rate (M0), introduced by Foster (2007 and 2011) in the field of multidimensional poverty. It is defined as:
The adjusted multidimensional precariousness rate calculates the total weighted sum of the precariousness dimensions of the jobs considered to be precarious divided by the maximum number of precariousness dimensions that all of the jobs (nD) could experience. This measurement has a number of desirable properties (see Foster, 2007 and 2011) , including the fact that it takes into account both the incidence (how many precarious jobs there are) and the intensity (in how many dimensions the jobs are precarious) of the precariousness 6 . Furthermore it can be broken down into subgroups in terms of population and dimensions. The decomposability into S subpopulations enables us to express Mo as a weighted sum of the adjusted multidimensional precariousness rates of each subgroup:
where nl is the size of the subpopulation l and Mol is the adjusted multidimensional precariousness rate of this subpopulation.
The decomposition into dimensions enables us to express the adjusted multidimensional precariousness rate as:
where Hj is the proportion within the total population of precarious jobs with precariousness elements in dimension j.
These properties allow us to detect the existence of different precarious situations within the different subgroups of the population analysed (such as men and women or different sectors of activity), and to identify those with better and worse situations. They also inform us of which dimensions should be given most attention in terms of economic policy measures that seek to alleviate or eliminate precarious employment.
The choice of a specific threshold or a specific index introduces certain arbitrariness in the comparisons of the indicators of precariousness. For this reason, when applying the methodology, sensitivity analyses of the results are carried out based on the results of Lasso de la Vega (2010) and Alkire and Foster (2011a) which guarantee the robustness of the comparisons of the indicators under different thresholds and which are closely related to first order stochastic dominance analyses. These results, which are used to examine the precariousness of employment in the Spanish case, guarantee that if the quantile function of variable P of a population B is higher than the quantile function of this variable of another population A, then for any fixed threshold k of multidimensional precariousness, both the proportion of precarious jobs and the adjusted precariousness rate will be greater than or the same in population B as in population A.
Data
The microdata used in the empirical part of the research have been drawn from the two most recent available waves, corresponding to 2006 and 2010, of the Encuesta de Estructura Salarial (Wage Structure Survey; hereafter, EES). This survey is carried out by Spain's National Institute of Statistics and constitutes Spain's sample of the Structure of Earnings Survey, a survey which is undertaken in all the member states of the European Union according to a harmonised methodology. One of its most salient features is the inclusion of matched employer-employee microdata (that is, observations of several employees in each establishment). This type of data has, in general, had a highly significant impact on the analysis of wage determination (Hamermesh, 2008 and Abowd and Kramarz, 1999) and in the case of Spain has been widely used to analyse different characteristics of the Spanish wage structure (see for example Card and De la Rica, 2006 , Carrasco et al., 2014 and Casado and Simón, 2015 .
The EES is a survey carried out among companies on a national level. It comprises a twostage sampling of employees based on the Social Security contribution accounts of their companies. The most recent waves of the survey cover employees registered with the Social Security during the whole of the month of October of the year of reference of companies of any size affiliated to the General Social Security Scheme engaged in an economic activity included in sections B to S of the sector classification CNAE-2009. Therefore, it covers practically the whole of the private sector of the Spanish economy (with small exceptions such as agriculture or certain branches of services such as domestic service)
7 . The survey is formed by independent cross sections which are developed every four years. Currently, there are four waves available corresponding to the years 1995, 2002, 2006 and 2010 . The analysis conducted in this article is limited to the last two waves as the first two do not cover establishments with less than 10 workers, and these a type companies represent a very significant weight in the production and employment structure of the Spanish economy.
The EES is a survey that provides diverse information about the characteristics of the workers (wage, nationality, sex, age and educational level); their job positions (profession, seniority, type of contract, type of working day and undertaking of supervisory tasks) and their firms (sector of activity, size, type of collective agreement and region).
In order to approximate the quality of jobs three indicators have been used. The first is related to the receipt of low wages, understood as being the hourly wage of the worker lower than the 60% of the median hourly wage of the economy 8 . The second indicator measures whether the individual has a fixed-term contract (the alternative is a permanent contract). Finally, the third indicator measures whether the individual works part-time (the alternative is that he/she works full-time) 9 .
With respect to the empirical analysis, those observations which do not offer information about the principal variables of interest, and those corresponding to individuals over the age of 65 have been eliminated. 
Results

General analysis
As previously mentioned, the novel methodology proposed has been applied to the data of the EES to analyse the evolution of precarious employment in Spain between 2006 and 2010, a period which encompasses the first stage of the economic crisis in Spain, including the Great Recession.
In order to contextualise the analysis, it is worth pointing out that after a prolonged phase of economic growth which began in the mid-1990s, the Spanish economy was very affected in 2008, similarly to other advanced countries, by the international economic crisis which gave rise to the Great Recession and in subsequent years, by the serious problems that severely affected the peripheral economies of the euro zone, including Spain. All of this gave rise to a significant and uninterrupted fall in GDP between 2009 and 2013, with the exception of 2010, when growth was zero. In this recessionary context there were very heavy job losses which were aggravated by the fact that, due to the institutional characteristics of the Spanish labour market, the Spanish economy is characterised by one of the highest elasticities of employment with respect to GDP of the advanced countries, to the extent that the unemployment rate exceeded 27% (more details about the evolution of the Spanish labour market can be found in Banco de España, several years). The heavy job losses in the crisis context were particularly concentrated among fixed-term workers, to the point that the Spanish temporality rate dropped from 8 The hourly wage has been calculated using the wage corresponding to a representative month of reference of the year in which the survey was carried out (October), divided by the number of hours worked in this month. It is expressed in gross terms and its calculation includes any type of payment made by the companies, including commissions, bonuses for night work and weekends and overtime pay. 9 Part time work carried out by the workers is indicated in the EES for each company, as in the case of each worker either part-time work or full-time work was chosen as a response to the following question: "4. levels of over 30% before the crisis (the highest level of all advanced countries) to levels slightly over 20% after the crisis.
On the other hand, with respect to the recent evolution of wages in Spain, it should be highlighted that they did not decrease in the initial stages of the crisis due to the inertia of the wage determination mechanism derived from the characteristics of collective bargaining (with a high incidence of multi-annual agreements and clauses in the sector agreements to safeguard against unexpected rises of inflation). Therefore, the wage devaluation that has taken place recently in the Spanish economy to adjust for the accumulated losses of competitiveness with respect to the rest of the Euro zone has occurred only in the last few years, particularly after the intense labour reform of 2012 (and in any event outside of the period analysed in the research).
Finally, it is worth pointing out that part-time employment in Spain has been increasing uninterruptedly in relative terms since the beginning of the crisis (in 2006 it represented 11.8% of total employment; in 2010 it accounted for 13.0% and in 2014 it had risen to 15.9%), due to, among other circumstances, legal changes which had facilitated its use. In this vein, it is worth noting that there has been also a very significant increase in involuntary part-time work (34% of total part-time work in 2006; 50% in 2010 and 64% in 2014).
All of these circumstances are reflected in the samples of the EES (Table A .1 of the Appendix), corresponding to the total employees of the private sector. Therefore, the proportion of workers with a fixed-term contract is much lower in 2010 (21.6% of total employees) than in 2006 (30.8%), as a consequence of the heavy job losses in fixed-term employment during the crisis. On the other hand, the proportion of workers with comparatively low wages did not experience relevant changes between 2006 (5.9%) and 2010 (5.4%), which is coherent with the fact that the wage devaluation that has taken place in the Spanish economy in recent years, particularly among those workers with low wages and with new contracts, has occurred in the years after the period covered by the research. Finally, the proportion of part-time employees increased significantly in the sample (16.8% in 2006 and 20.7% in 2010) , in line with the evolution of this type of employment in the Spanish economy in recent years.
When applying the methodology, first a comparison was made of the distributions of the variable that measures the number of precariousness dimensions (P) of all the employees existing in 2006 and 2010, whose quantile functions, very close after the 60 th percentile, are shown in Graph 1. Stochastic dominance tests (Beach et al. 1998; Davidson and Duclos, 2000) conclude that there are no strict dominance relations (in other words, any of the two distributions has a number of precariousness dimensions greater than the other in all of the percentiles of the range of the variable). Therefore, we cannot conclude that there has been an increase or decrease in the level of precariousness in general between the two years considered. However, analysing these functions by section, we can observe some interesting findings, such as that the number of jobs without precariousness dimensions in 2010 is higher by six percentage points than that of 2006, a circumstance which was the result of a significant reduction in the temporality rate of the Spanish economy during the period examined.
Graph 1 Quantile functions of variable P.
Total employment. When analysing the values of the measurements of precarious employments in accordance with different multidimensional thresholds, it is observed that the rate of precariousness and the adjusted multidimensional precariousness rate only increases between 2006 and 2010 for one threshold, k=2, but these increases are small and not statistically significant at conventional levels (Table 1) . For the rest of the thresholds, we can observe a significant decrease in the measurements in 2010, which indicates a reduction in precariousness for k=1 and k=3. This reduction may be due to the fact that during these four years a quantity adjustment in the Spanish labour market took place and the most precarious jobs existing at the beginning of the crisis were lost in greater numbers, particularly those with fixed-term contracts. Therefore, the jobs that had the greatest weight in total employment in 2010 were those that had a better position in the characteristics measured in this study. Therefore, it is interesting to limit the analysis to jobs that were being created in the Spanish economy in the years when the surveys were carried out (2006 and 2010) to gain a clearer picture of what happened in these subpopulations that represented a smaller but more interesting part of the existing total employment. So, a subpopulation composed of recently-created jobs, defined as those with tenure in the current firm lower than two years, is considered.
Focusing now on the results obtained for the recently-created jobs, the analysis of the two quantile functions of variable P (Graph 2) reveals the strict dominance of the function of 2010 over that of 2006, applying the afore-mentioned stochastic dominance tests. This result is conclusive in the ordering of the overall multidimensional precariousness levels between the two years. Therefore, for any fixed threshold (the same for the two years) we will always obtain values for the precariousness rate and the adjusted multidimensional precariousness rate that are higher in 2010 than in 2006 (Alkire and Foster, 2011a) . Furthermore, in accordance with the results of Lasso de la Vega (2010), we will also obtain higher values of the adjusted multidimensional precariousness rate in 2010 than in 2006. Therefore, we can conclude that there was an overall worsening of the quality of recently created employment in Spain between these two periods, irrespective of the threshold established to determine the precariousness from a multidimensional point of view.
Graph 2 Quantile functions of variable P. Job positions with less than two years of tenure in the firm.
When analysing other aspects of the distribution of variable P for recent jobs, it is observed that the number of jobs without precariousness dimensions falls significantly in 2010 relative to 2006, although the jobs with 1, 2 or 3 precariousness dimensions increase. This process went hand in hand with a considerable increase in the average of variable P. Consistently, according to the existing dominance of the quantile functions, the values of the multidimensional poverty indicators in Table 2 reflect increases between the two years, particularly if we take the k=2 threshold, where the percentage of precarious jobs increases by more than seven percentage points. In any event, it is worth pointing to that all of the variations between 2006 and 2010 in the proportion of precarious jobs and the adjusted precariousness rate, for all of the thresholds, are statistically significant as shown by the values of the respective statistical tests (Table 2) . Overall, this evidence shows that there has been a significant increase in the precariousness of jobs created in the initial years of the crisis (wave of the EES corresponding to 2010) with respect to those created during the growth phase preceding the crisis (wave of 2006 of the EES). On the other hand, the weight of each type of employment in total population and in total employment created (see Table A .1 in the Appendix) reveals that part-time work could be the principal dimension in which precarious employment has increased in the context of the crisis, more than the creation of fixed-term jobs, which do not represent a higher percentage in the jobs more recently created during the second period of reference.
Disaggregated analysis by sector and gender
As previously highlighted, the decomposable nature of the adjusted multidimensional precariousness rate allows to obtain the relative contribution of different subpopulations in determining the values obtained for the measurements of precariousness of the overall population. Making use of this advantage, the contribution of each economic sector of activity and gender to precarious employment in Spain has been examined in this subsection using multidimensional thresholds.
Upper panel of Table 3 exhibits for each sector of activity its contribution to the adjusted multidimensional precariousness rate (M0) and its weight in overall employment in 2006 and 2010, in order to determine which sectors are particularly responsible for the aggregated precariousness. According to this evidence, there are very significant differences in the relative contribution of the different sectors considered and these differences arise not only because of sectoral differences in the contribution to total employment but also because of the presence of significant differences among sectors in the intensity and incidence of precarious employment.
Although for certain sectors (retail, transport and communications and healthcare) the individual contribution of the sector to overall precariousness is rather similar to its relative weight in overall employment for some sectors (hotel and catering, other social activities and services, education and real estate and leasing activities) the individual contribution to overall precariousness is significantly higher than its relative weight in employment. Hence, in both years considered real estate and leasing activities was the principal generator of precarious employment in Spain (for the thresholds of precariousness established with 2 and 3 dimensions). This sector's contribution to precariousness is in every case much higher than its weight in the working population, which indicates a special incidence and intensity of the precariousness in it. As a matter of example, when the most extreme precariousness is measured (i.e. k=3), this sector represents a contribution to precariousness that is more than twice its weight in the population both in 2006 and 2010 (36.2% and 33.9% compared to 16.9% and 15.1%, respectively) 10 and around one third of total precariousness. In the same vein, the contributions to precariousness by the hotel and catering and education sectors and other social activities and services are always higher than their weight in the population, which highlights the special incidence and intensity of precariousness in these sectors (in particular in other social activities and services given that, when considering the maximum number of precariousness dimensions, the contribution of the sector to total precariousness is higher than 10% compared to a weight in the employment around 3% in both years). Overall, the contribution of the aforementioned four sectors more than doubles its weight in total employment in both years (63.1% compared to 31.6% and 30.4%, respectively). Conversely, for a significant number of sectors (extractive industries, manufacturing industry, production of electrical energy, gas and water, construction and financial intermediation) the individual contribution to overall precariousness is much lower than its relative weight in employment. Hence, for example, despite of the significant weight in total employment in the Spanish economy of the manufacturing industry and the construction sector (32.6% in 2006 and 27.6% in 2010) their aggregate impact in total precariousness is rather low (8.6% and 8.5% when considering the most extreme case of precariousness, with k=3). In a similar manner, the contribution to overall employment precariousness of the extractive industries, production of electrical energy, gas and water and financial intermediation sectors is significantly lower than their relevance in total employment. As a result, the joint contribution to precariousness of the said five sectors is three to four times their overall weight in total employment both in 2006 and 2010 (36.2% and 31 .6% compared to 9%% and 9.2%, respectively).
On the other hand, the relative contributions to the indicator of precariousness, the adjusted multidimensional precariousness rate (M0), according to gender are presented in the lower panel of Table 3 . The evidence obtained indicates that the contribution to the overall precariousness of females is well above their weight in total employment and this gap increases with the threshold multidimensional poverty. Thus, although in 2006 the weight in total employment of females is significantly lower than that of males (41.5% compared to 58.5%) their relative contributions to total precariousness is always higher, very especially when a higher number of precariousness dimensions is considered (66.8% with k=2 and 71.7% with k=3). In a similar manner, although the weight of the jobs held by women in total employment increased in 2010 (45.6%), due to the fact that severe job losses in the initial years of the crisis particularly affected men, the conclusions are similar to those obtained in 2006, with a contribution to the extreme precariousness of jobs performed by women again more than 30 points above to its weight in total employment. All in all, this evidence overall indicates a strong intensity and incidence of precariousness in jobs held by women, especially relevant in explaining the extreme precariousness.
Conclusions
In this article a novel methodology for measuring precarious employment has been proposed based on the use of the counting approach and related multidimensional indicators derived from this approach. These tools were originally proposed for the measurement of multidimensional poverty and have been adapted here in a novel way to the field of job precariousness.
This new methodology enables us to incorporate the dimensions and simple indicators of precariousness to a logical and transparent structure which also allows different possibilities to weight the selected dimensions. The dimensions are not introduced in a hierarchical way and wherever is possible to conduct a separate study of each of them and to determine the contribution of each dimension in the overall indicator. Furthermore, it is used all of the information regarding the overall distribution of the dimensions in the individuals, who can simultaneously experience advantages and disadvantages in their work positions.
The multidimensional indicators which aggregate the information enable us to measure both the incidence and, particularly, the intensity of precariousness. The adjusted precariousness rate is also decomposable, which allows us to determine the contribution of different dimensions and subpopulations of interest to the general indicator of precariousness.
For illustrative purpose, the new methodology is applied to the Spanish case. The empirical evidence shows a significant increase in precariousness between 2006 and 2010 in Spain for newly created jobs, irrespective of the precariousness threshold used. For total jobs, however, it is observed a reduction in precariousness during the period, which is explained by the typical quantity adjustment of the Spanish labour market, whereby recessionary contexts give rise to heavy job losses of mainly fixed-term, more precarious jobs.
On the other hand, using the decomposability property of the adjusted multidimensional precariousness rate for the total jobs, a disaggregated analysis is applied in order to examine the relative impact on total precariousness of different sub-populations defined according to sector of activity and gender. In this vein, we can conclude that the precariousness existing in total jobs is particularly explained by certain sectors (hotel and catering, education, real estate activities and leasing and other social activities and services) with higher contributions to precariousness than those that correspond to them in terms of their weight in total employment. Similarly, the obtained evidence reveals that in the two years of the study jobs held by women have significantly higher contributions to total precariousness than jobs held by men despite their lower weight in the population, accentuating this fact for the explanation of the extreme precariousness. Furthermore, it is observed that, in general, the relative contributions to precarious employment of different sub-populations defined according to sector and gender have evolved in line with their weight in employment during the period of economic crisis.
